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Abstract: In this study, a cardanol based bio-polyol (CBP) was prepared via one-pot synthesis method. The synthesis of
CBP was proceeded via Mannich reaction using cardanol, formaldehyde, and ethanolamine. The chemical structure of
CBP was confirmed via '"H NMR and FTIR. Then, bio-polyurethane (CBPU) was prepared using CBP and hexameth-
ylene diisocyanate (HDI). For the comparison experiments, polyethylene glycol (PEG), petroleum-based polyol, was
applied to prepare a polyurethane (PEGU) as a control sample. From analyses results for TGA, UTM, chemical resistance
test, and antibacterial test for CBPU and PEGU, it was found that CBPU showed higher tensile strength, chemical resis-

tance, and antibacterial properties against E. coli compared to PEGU.

Keywords: cardanol, polyurethane, bio-polyol, antibacterial property, mechanical property.
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22X, N 4= M (cashew nut shell liquid)o] FE1HL
U Al AL Fiths, 7k, o EAF 2 2-WE
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2ol gk thefet A7 JP=E RN, 4 e )
2 P27 7S] JHE SIRE e E ot 2ol A
T 7 o R vt AR WhHe Tkl st w
g

i

)
i=]
B3l R ET. A, 2534 bsgA, HElEE Ry &
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Mannich reaction ¢}717]9} XEUH S| =5 o] &35l Hl
Aol XA X8-S feshe g @Al i Wy
o= URkHRl X|$MEg-I} WSS wf FHi 7 AREEA]

ZaH, Al46d A1, 202214

- 2P

SEThE EAS 2t ok B Ao Jtks, ofleke
ol XYY S| =5 ©]-8-3F Mannich reactions £33}, 3t
< o] &3 Fiths 7Rk vlo| @ E2]S(CBP)S &
Aet= Aol Attt CBPE 2719 #4718 E3fatar
A7) wiel Eel&2e] 8ol 7hsshH, CBPSF FAME
tjo]aoR|o] E(HDI)E ©]8-31e] vlolL. E&]-5-d|EH(CBPU)
& AZsI Ao RO E ARRE] YE) AaA =
g2 Bol| AE = g dZTF(PEG)S" o]&3t
A5A Z2] 92 EHPEGU)S A XA o5 vigoz 2
AolX= CBPUY €4, 71A14, slshd 5433 g4
A5A ZEg-elet vl 9 sk
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M=, B2 Aol ARESE 71tk=S Biochempia(Korea)A}
M YEE Algel ARSI, CBP /gl ARSH=
37% EELHS|= 8, olleZolr] 2|3l CBPU Azl
AREEE HFEFA] tigke-lo] E(DBTDL), Ak €l v
o] &Aoo ] E(HDI) 2 Sigma Aldrich(Korea)A ol 4 <+l
sttt dxatg Axst7] 218 Feld g == (PEG
M,=400, for synthesis), -8 "} & A} tetrahydrofuran(THF),
acetonitrile, ethyl acetate(EA), dichloromethaneMC)< ™74
sk (F)olA st S S48 HS Escherichia
coli(E. coli, ATCC 8739)= American Type Culture Collection
(ATCC) (Korea)llX o8ttt e 95+ Ex9] A28l
o] AR&-3IAT.

7ick= 714t vlO|2 Z2[E(CBP) &Y. 7Ith= 7|4l vlo]
2 E¥E22 CBPE §4d3l7] #lsl 71th=(30.2 g, 0.1 mol),
37% ESLU )= 8981 g 0.1 mol) L2 oo}
(6.1 g 0.1 molyS 5 vhe ksl FYSHL 80°C
ANA 7 FEIE A7 Bt wRksIh o] F 25 120
C7HA] & st 87 WARS A|ASkAL 307 §¢F wnt
Sk WH- 98 ¥ EA, MC ¥ 955 ARt 131 4
AE F8Y3}aL, acetonitriles AME-SH FA WPHO R 23} HA|
£ At ol & Bl 7] kel 7 thH] 48.7%
TEE W] CBPE AT

CBP 7|4te| Hio|2 Z2||EHCBPU) M=. CBP 7|4t
o] njo] 9. £ 98 ¥H(CBPU) Thas} 2he Wlo g A%
3}tk THF 25 mLol| -&38]41%] CBP 10 g DBTDL 0.1
g(1 W%y < vie Skl FUT 5 deollA wwt
3t ©]% CBP2| hydroxyl value 7+ 7|HES.Z o]AA]o}
y|o]E2] H]E-S NCO/OH=14Z ARltsle] HDIE HA3] o
e Frrsled 3087 adksllt. wRto] € F 100 mm
x100 mmx3 mm HZE 5= 2o wykl
NER NG Ag2ollA 2427 FF Az
oA Azsl] FE Ui EAlshs o] gvlE 3] A
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Aslth. iEeE A %3 PEGUE A4 Z2]2<] PEG
£ AMEEte] f)9f HAe wplo g Azt

CBP ¥ CBPU §4 #7 ¥ 4. CBPY] ¥4 2%
'H NMR(HD 400, Bruker, Germany)S ©]-&3}o] E233}9]0.
™, £ &u|2= chloroform-d(CDCL)E ARSIt} 2
of W3 HL]M(FTIR) 371 #4(ALPHA-P, Bruker,
Germany)& ATR FE014 500-4000 cm™ #2F Zgte] w3}
£ 53 CBP2] &4 E CBPUS AIZE Felsiith.

CBP9] hydroxyl values &43}7] ¢l8] Frz24k-dEd
WS-8 L8519t} Hydroxyl valuee 222 1 goll &=A5}
= 4710l sldete KOHS] mg =2 2] ()= vepd
T Ak ZT)2e] GRS A} |2 "I A
()l ER vhel o, webA, F2&0] ExbE A

o] 5 YL UM, o|&% hydroxyl values AlAHE 4
AT},
_ 56.1x1000
Hydroxyl value = Equivalent weight M
Hydroxyl value = 56.1 x 1000 x Functionality 2)

Molecular weight

CBPU ¥ PEGUY] &+ € 5% E47|(TGA
4000, PerkinElmer, USA)E ©|-8-3l] £A319T} TGA +4
2 50°CH-E] 600°Ce] &% WA 2 &% 10°C/min
2 s

CBPUS PEGU®| 3+t 573 Escherichia coli(E. coli,
ATCC 8738)°1 st €5 U2 (film adhesion method)© 2
S35t Mt eSS A=xs7] 913 E. colie 37 °Cell
A 18AIZF E)F v et o] F, wlFe]E o] g3l F2Y

%. Ry

BoF E50] ujUdEAtE 0.9 wt% NaCl £ 07 23] AlF
gk % 0.9 wi% & A F4AA 1x10" CFUMLE 5%
2 ARSI CBPU 59 4t S48 wrisi] Slsl 2
F(2 emx2 cm)g Al AEH o] X gk &, 2447 Ft
25°Ce] Ag w7l 200 pmeE 3] A s T &)
12 34 & 0.1 mLe] 1x10* CF 3o 3k ujx]o] &
T}, Spreading Agar WA S 37 °CollA] 18217 &<t w3}
AL AoptE FRY FE Alo] SA ST it AEEA
PEGU ZEolA AEs F2Y9| 5 A5 3 &
4L 2 3y B3l Ak

N,—N,
" %100 3)

0

Bactericidal property (%)=

Ny: Bacterial CFU of blank
N,: Bacterial CFU of tested sample

71A1A S 23] $8l “d20lA] cross-head £ 50

W 2 ol olgd Selsuuel A= L 54 15

pd

mm/min® 2 YH5A1 % 71(QM100S, Qmesys, Korea)S 53
Atk 24 59 27+ 15 mmx10 mmE FH g
ol o= XPstsict. Wskehd-S H7ishr] 918 20 mm
x20 mmx10 mm®] AES FHSI3ATE FHg &S pH 2
83} pH 10 8ol 2}zf 24417 F?F XS, 2447k
ARSI, 297 Axs & FA Wsks S48

[\

F 309 ABL B Bk SESUOH, B g 4
2 4 E Fel Atsiis
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Weight change rate (%)= 7 %100 @)
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W:: The weight of the initial sample (g)
Wi The weight of the final sample (g)
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CBP2} CBPU2| XM= ¥ 24 2 AeiA] AMS-gH CBP
2 CBPU2| 34 #4LS Scheme 191 E21810th 4715
Z3skeE g7 f=A9 CBPE HEe] g9} S
AREBIA] L Tk, digkeolrl, XELYF|EE o] &3
Mannich reactions &3l shte] WE-7] oA = ATt
CBP2] A& 13} ofl B2l ofghgolnly} ZEUHS|=
7 e &2 JEEste] 2Egds|=-olRl FA 7 34
Fm A2 LS Btk o] % AE EEYEs= oMl
TAE Fofate Fithess FAoR =9 i S22 b
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L=

i N

|,. ] ) e
L Ethanolamine Formaldehyde
-
Cardanol k
oM
H
e b
” v f—
- # rn CBP
HDI =
\ Iwi% DBTOL '—'—

CBPU
Scheme 1. Schematic diagram of synthetic procedure for CBP and
CBPU.
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Figure 1. '"H NMR of (a) Cardanol; (b) CBP.

o] AFHAUS AoZ o JET) o] A A pRkS X &
A3 =8} o ekgoll e CBPY] F-uk3-S whE A XIFPA)Z
o} mEpA], o] gt Fkg-S oJAIEt] $J3l CBP <
£)%F Mannich reaction FPA] b, EELH|3]|=, ogks
ol e 4z} 1:1:19] & H]&S ARSIt

AA & dojxl CBPY| 318t %= 'H NMR¥ FTIR
45 B3 F<1stt Figure 1(2)2] 'H NMRE 58 &
A A itkzEe] W ele] il tigk 54 927t
6.5-7.2 ppmollX 2= 53-5.6 ppmol|A] B33} Bhslras
ke B HE719] 935 SR1EIT B3 0.7-3.0 ppmellA]
7ithse] B8} w@hslras AEe] BaE RIS CBP
o] A9 2.5 % 3.5 ppmollA] YERE oghE olvle] £
A7 W F, A AE 7o) gk 818t olFo] WA
stod 7HzF 2.8 2 3.8 ppmell A €1 = A th(Figure 1(b)). 5
7122 Mannich bridge(Ar-CH,-NHpI 3536k 3= 4.0
ppmol|A] ¢ | 9] B Fal CBPZF A3 o= 9
AE S I

CBP?] 5}8H4 +2+= FTIR ¥4 53] F7H o= 3l
SIS tHFigure 2). 7Ftks #l&7]9] -OHY dFsls JaE
3100-3500 cm'ollA], #=712] C-O stretchingol] si53l= 3
e 1268 cm'o|A 2zt AEE) o BEX} wslera A}
&9] -C=CH stretching®l] S|Es= T|F+= 3010 cm'olA] &
A=At o]9je Hm7]ol] EFHE WaE C=C o|F A%l
adsle I=E 1585 cm’, 1460 cm!, 1490 cm'ollA] &l
AT} Fhehss) nR R 2, CBPY] EX3} ©halea A}

—

Al
[e]
=

Lol - A%
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L

Cardanol

Transmittance % (a.u.)

1550 cm!

|, 1020-1230 m1\

a
1490 em™ g 733 em?

= ] - L] L ] L L il
4000 3500 3000 1500 1000 500

Wavenumber (cm’)
Figure 2. FTIR spectra of Cardanol and CBP.

&9] -C=CH stretchingZ} 3= o] ZA%to] Z17} 3010 cm
9} 1490 cm'o|A] ERIE o™, C-O stretching®l] 3ESh=
3+ 1268 cm'ollA] F2E QT ©]+= Mannich reaction®l|
Al 7hthEe] Baxst gslrd AR ole A% HErle
MNAEA] %S 2|n| 3kt Egh, Mannich bridgedl] 3
3= N-H wagging F3F+= 733 cm™ 2 1550 em™llA, C-
N stretching 3=+ 1020-1230 cm'oll A zHzb gl =)t}
CBPUE A|x3l7] 98l 71tk 2 CBP2] ©]2d hydroxyl
valueE 4 (2)5 °l83l ARtslga, Fzitvled Wy
< &3l hydroxyl value®] A& 7S 43 TH(Table 1). 7}
th=e] Hit BAES 302 g/mole]H 3 7o) AE zhw
UeE= ARS Fal G2 ©]2% hydroxyl value= 186 mg
KOH/go|t}h. viR7 A2 CBPL] EAFFS 370 g/molo]™
e FANE Zha Qlomg e Ato g AL o2
hydroxyl value= 303 mg KOH/go|th. FrzAty)z|d Wby
07 ZHofA] A& Fitk=3 CBPY hydroxyl value A &3k
& 7}7} 200+4 mg KOH/g$} 315+15 mg KOH/g= 2 & 2]
275 135 CBP7F ©]X 'H NMR ¥ FTIR #4912 5
& el sletd FE2E A JSS A T el
T AT} CBPUE AFolA A2 CBP2] hydroxyl valueE
7Moo 2 IE FE= A28t W], NCO/OHS] Hl&o]

Table 1. Physicochemical Characteristics of the Cardanol and CBP

Theoretical hydroxyl value

Experimental hydroxyl value

Molecular weight

Product (mg KOH/g) (mg KOH/g) (g/mol) Appearance
Cardanol 186 200+4 302 brown
CBP 303 315+15 370 brownish red

ZaH, Al46d A1, 202214



¢l ZAstollA Eeede 2 Sialie
=HY D (free-standing film)yS LA X}, o] olv] B
2 Aol A= Flog, dubg o2 NCO/OHS) Y&
o] 19] ZZAselA FEAFFe] 500 g/mol ©]3k] ZF]&S 9]
£3lo] Z9Y et S AT B 7Y% =YY UE
o] FAHA %= Ao dHA O‘E}“m H%EW Z29-9
g 5 A2 °‘i4ﬁl°l€9} Al ¥e-E ¢ 7l M E
=38t7] f3l NCO/OH®] Hl&-S x2 st
Qur NCO/OHA H &S 142 39S A%
< T e ﬁ% Qﬂé}ﬁiv}.”
= X%] ] CBPQ‘r HDI
FiE 3 7}6}°i 735 e vhg-9]
3 A o Yo 7|E7 FAHE AS
A1t o]o] CBP2}: DBTDL |5 -
DBTDL Afo]¢] =7 AL -3+
H]—\:H___i ia,]_gﬂa]_ H]—
a]F/} H]— 1:_/] /\H;Hﬂo]
A Alofste] #dgh ﬁéﬂH =Y 958
t)%¢] PEGUE PEG2| hydroxyl valueZ 7152 % CBPU
o} 5 %7191 NCO/OH=1.49] ¥ &S A}&3lo] 5 2
T A=xsich
CBPU9} PEGU®| A|%= Figure 3¢] FTIR 2418 E3f &
01591 th. CBPUS PEGU®| FTIR A EHE, HDIC
N=C=0 Z%S YehlE 2238 cm’! |37} &3] ARl
AL golgh 4= Qi) B Aol zfe] o] AAolo|EE
AHg-gH Zé% ar 6‘}@‘ = ILH, 1 ﬂﬂF/P W3 tlEo] &
= TSl FA

9}5} a‘i CBPUQ‘r PEGU?| FTIR Z

r)«

1703 em!

| 3324 cmr!

| 1540 em?
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Transmittance % (a.u.)

/
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1 = I x Ll % I ] 1 5 Ll
3500 3000 2500

4000 500
Wavenumber (cm”')

Figure 3. FTIR spectra of CBP, HDI, CBPU and PEGU.
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Figure 4. TGA curves of CBPU and PEGU.

Table 2. Thermal Decomposition Characteristics of CBPU and
PEGU

% char yield

Product T (°C) T (°C) T (°C)

at 600 °C
CBPU 25773 29662  377.73 10.37
PEGU 30235 31933 35338 8.08

FelM e e Ao 995 UeEhl= N-H stretching}

N-H bending 3|7} 287} 3324 cm™ 2 1540 cm'ol|A] 2z
H A3, C=0 stretching ¥ =7} 1703 cm'ol A B2 Q) c}.
uwlgbx], CBPU 2 PEGU+ HDIS®} CBP ¥ PEG /\]'0194 z}

Zhol thk S-dlek W3-8 Folo] AFHoE AXHISS
stolgt 4= ATk
CBPUS| ¥X £M. CBPU ¥ PEGUY & AL H7}

371 918t d T EA7IE(TGA)E ©]&31ed 50 °ColA
600 °C7}A] 8] S5 & 33} ). Figure 49} Table 2=
CBPUS} PEGUS| TGA A5 HojFr) ARbF O =Z vlo]
L Fe EEgeee] A9 €3 P8 9 =84 gl
wo Aog A JA, CBPUE W 1833tES
UE TS CBPE AME-ste] Ax3H37] wiZel
FHAOR Fe G4 S UERAL e AR vt
Hep» Figure 4ol A &Rlgr 4= 9l%0] PEGUE 2ﬂ7zﬂ/l 2
& AsS Bow, CBPUE 3949 3] A%< veh)
ATt PEGU-4 Ty = 302.75 °Coln] CBPUS| Ty, = 257.73
°CE %7] 9¥3)= CBPUZI PEGU Hl&l Atido = o
e 2LoA] X ET),
Zadee] g4 g
Ze3

l:l

¥gkalar

Jge Felgdae PasT s
| e

olarle|o]EQ] 3}et4] ?5_0]9401] ek WS
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Table 3. Mechanical Properties, Bulk Properties of CBPU and PEGU

Product Tensile strength Elongation at break Young’s modulus pH 2 pH 10
(MPa) (%) (MPa) solution solution

CBPU 7.99+2.66 184.61+76.60 3.67+1.16 99.68% 63.71%

PEGU 5.01£1.54 1418.25+69.40 2.75+0.11 93.23% Deformed

Alell A4 NCO/OH?| &0l P W= Zloz I
A AT} Z, NCO/OH®| H|&©] S7IErE S-#e vt
TNk 2 Qe gz uhlo|Ee} Rl 127t FAH |
g Ao SIS X B Ao A= CBPUSt PEGU 25 &5
A3} o]2AJoRd|o| E9F NCO/OHS] HIEE A %3130 7] wj&
o CBPUS| %7] E&|2%7} PEGU Xt} ¢ W& o]f+=
CBP2} PEG7} A E2]&2] 730 i jo]= ket
S A Hele e g skl e B
zol| W AFE o] Zjolof] wpep UnkH O Z °oF 200-400 °C
oAl HAYg}Y o & Fo, A E o] oo E AL
o]e] e A AE AT AES o] oo ER
o] Folxl gt Af ol Hlsl FhFom oFst Afgor
3, oF 250 °ColA] Hal|7F A== AWS A A
o] AAjotlo| EL] gt Aol Hls)] W2 %21 180°C
F2oA Eall7t AlgtEE Aeg Barse] Q)3 PEGU
o] 734 A FA] AL o]Ar|oho]ER FAH ¢
digt 2gwre E3}slA| T CBPUE CBPY| 3184 125
IHIAE 73T, ALS A A S o|aAJoRo|ER
e SR g HE-AS o) oo|ER FAE
e A3e BF XS JoS o 5 ATh mEpA,
180 °CollA] R1s]= CBPUS| AHA| #3ll= CBPL] #=7]
of A= o] &Aoo E Ato] o] -gek Agte] Eafor,
CBPUS} PEGUE| AWE: A A WS o] AAJoh| o] E Q]
Sk Agke] Ealle 250-350 °CollM AlFtEE Aoz wgt
H}. 400-500 °CollA == mpAe; 38l HAl= LA}
AREe] S Ealjo|tt” ditdl As B4 A3 CBPUSH
PEGUY] Ty, = 242t 377.73 °C9} 353.38°C] 912 ™, char
yield= ZH}F 10.37%9} 8.08%% CBPU”} PEGU] Bl&|| A
Aoz o B2 4o chars AT A= RIS
o] CBPU7} A0l 2o = Pgsh W= aejsst
ES ¥osly 7] wjEd Ao AE & okl
CBPUS| H3 &Y. 7|& A3E T3 &AL A5 %
= NESEH AT S Uil Bx8) Bskra Ak
Fstal e HEE ksl EYEHIE A9 AlE 2
71AIA ZF=et st o] dEthe Zlo] oju] &4
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Figure 5. Stress-strain curves of CBPU and PEGU.
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Figure 6. Photography showing the antibacterial test of (a) PEGU;,
(b) CBPU.
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